Report of childhood positional vertigo is very rare. We present a 7-year-old boy who revealed persistent direction-changing geotropic positional nystagmus. In the supine position, horizontal nystagmus toward the left continued as long as the position was maintained. However, it ceased when the head was turned to the right side by 45˚. With greater head turn (right-ear-down), nystagmus toward the right lasted for more than 1 minute. In the left-ear-down position, horizontal nystagmus toward the left occurred and lasted for more than 1 minute. After the disappearance of positional nystagmus, we detected canal paresis of the right ear by caloric test. We considered that the pathophysiology of the persistent type of geotropic nystagmus is a result of light debris cupulolithiasis of the horizontal canal.
Introduction
Positional vertigo is the most common disorder of the peripheral vestibular system. Several studies have suggested that female sufferers outnumber males by more than 2 to 1 [1] [2] , and the age of onset is usually during the fifth through seventh decades of life [3] [4] . Most patients are more than 18 years old [5] [6] , and reports of childhood onset are very rare. Recently, we experienced a 7-year-old boy who revealed persistent directionchanging geotropic positional nystagmus. We describe the laboratory findings with consideration of the pathophysiology. This case is the second youngest reported, as far as we are aware [7] .
Case Report
In the early afternoon on 16 November, 2011, a 7-year-old boy (date of birth: 23 August, 2004) experienced se-vere vertigo while having lunch in school. He complained of neither cochlear symptoms nor a headache. After returning home, the spinning sensation did not improve and led to vomiting. The next day, his parents brought him to a general hospital. A pediatrician ordered an urgent brain magnetic resonance imaging (MRI); however, it showed no abnormality. On 19 November, 2011, the patient was introduced to our hospital. On initial physical examination, tympanic membranes, nasal cavity and oral cavity were normal. Height was 127 cm and weight was 31 kg. Mild gaze nystagmus toward the left was observed in a sitting position. We performed supine roll test in the dark with the patients' eyes open using an infrared charge-coupled device camera. In a supine position, horizontal nystagmus toward the left continued as long as the position was maintained. However, it ceased when the head was turned to the right by 45˚ (we measured the angle using a big protractor). With greater head turn (right-ear-down), nystagmus toward the right lasted for more than 1 minute. In the left-ear-down position, horizontal nystagmus toward the left occurred and lasted for more than 1 minute. Namely, the patient showed persistent direction-changing geotropic positional nystagmus. In a sitting position, mild leftward horizontal nystagmus was observed. In the nose-down position, rightward horizontal/vertical (downward) nystagmus occurred. Eye movements were recorded and converted to digital data. Using ImageJ 1.36 and a Macintosh computer (Mac OS 10.6.2), 2-dimensional video-oculography was performed. For analysis of horizontal and vertical components, the XY center of the pupil was calculated [8] . Video-oculography results are shown in Figures 1-3 . The accuracy of video-oculography is equivalent to that of a scleral search coil system [9] . Slow-phase velocity in the left-ear-down position was 32˚/s, that in the supine position was 10˚/s, and that in the right-ear-down position was 8˚/s. In a supine position, we tested visual suppression by instructing the patient to fixate on a small light-emitting diode. As a result, the nystagmus was remarkably suppressed.
No treatment was performed, but instead it was suggested that the patient sleep with the upper body elevated (Fowler's position). Since vertigo and positional nystagmus had disappeared on 28 November, 2011, we performed caloric test. One ml of iced water was slowly poured into the left external auditory canal in the rightear-down position using a small syringe, taking 20 s. After pouring, the subject was rotated to a supine position, and vice versa. The response of the left ear was good (maximum slow-phase velocity was 29˚/s), while that of the right ear was poor (maximum slow-phase velocity was 7˚/s). On 12 December, 2011, the patient felt dizziness at the time of awakening and visited our hospital again. We detected mild rightward horizontal nystagmus (persistent) in the supine and right-ear-down position; however, one week later, dizziness and positional nystagmus had disappeared. One year after the onset, we confirmed no recurrence by telephone.
Discussion
We have examined 634 patients with peripheral positional vertigo for 12 years. Only 2 (0.003%) of these patients were under 12 years old. One was a 10-year-old girl with horizontal canalolithiasis, and the other is the present patient, who revealed persistent direction-changing geotropic positional nystagmus. In cases of childhood vertigo, we have to take into account central disorders such as brain tumor. In this case, we diagnosed the patient with a peripheral disorder based on the fact that his examination results remained normal, except for positional nystagmus and caloric test.
Peripheral positional vertigo is classified as posterior semicircular canal type (so-called benign paroxysmal positional vertigo) or horizontal semicircular canal type. Positional nystagmus of the horizontal canal type is classified as direction-changing apogeotropic nystagmus (horizontal component is toward the ceiling) or direction-changing geotropic nystagmus (horizontal component is toward the Earth). There are two types of geotropic nystagmus: one is a transient type and the other is a persistent type. Horizontal canalolithiasis (moving debris) accounts for transient geotropic positional nystagmus; however, horizontal nystagmus, which persists without decreasing in intensity over time, cannot be explained by canalolithiasis. The pathophysiology of the persistent type of geotropic nystagmus is considered to be a result of light cupula of the horizontal canal [10] - [12] . In a supine position, permanent horizontal nystagmus toward the intact side is observed. In a neutral position, with the head turned 20˚ -60˚ to the affected side, the nystagmus decreases and eventually stops. With greater head-turn, nystagmus toward the Earth lasts for more than 1 minute. These phenomena are considered to indicate that the cupula is deflected by the buoyancy of attached light debris, which is less dense than the endolymph (Figure 4) .
The biggest question is related to the identity of the light debris. One possibility is floating cells. In squirrel monkeys, Yamane and Igarashi [13] found monocytes and lymphocytes floating in the endolymphatic sac. If the same conditions occur in human labyrinth, free-floating cells would gradually swell up due to degeneration and decrease in density. Another likely explanation is that attached otoconia expand and decrease in density because direction-changing apogeotropic nystagmus (heavy cupula) sometimes changes to persistent direction-changing geotropic nystagmus. In the present patient, we speculate that free-floating light cells had adhered to the cupula of horizontal canal, because the patient has revealed persistent geotropic positional nystagmus since an early stage.
Although Hiruma et al. [14] considered that the density change of endolymph makes the cupula relatively light, this hypothesis cannot account for abrupt onset of vertigo. If endolymph becomes heavy, vertical semicircular canals are also influenced. Consequently, torsional/vertical (down beating) nystagmus should occur in the sitting position, because the cupula of superior canal moves toward the ampullofugal direction. Imai et al. [15] assumed that the denatured cupula or otolith imbalance is the pathophysiology of geotropic nystagmus with long time constant. However, otolith imbalance theory cannot explain the cessation of nystagmus in a neutral position, and there is no evidence that utricular dysfunction causes horizontal eye movements. The angle between the sagittal plane and the cupula of horizontal canal is thought to be approximately 20˚ [16] ; however, neutral position is sometimes wider than 20˚ [14] . In the present case, neutral position was 45˚. We cannot suggest the exact reason; however, the main reason may be interindividual differences. According to MRI study [17] , the angle between the both posterior canals varied greatly (the mean value was 92.6˚, and the standard deviation was 11.7˚). We speculate that the angle between the sagittal plane and the cupula of horizontal canal also varies widely from person to person.
Although the rate of positivity of caloric test is not high in patients with positional vertigo [1] , the present case showed obvious canal paresis of the right ear. Neutral position was the right side too. Therefore, we were convinced that the lesion was in the right horizontal semicircular canal. Because prominent nystagmus occurred in response to buoyancy, the mechanism of canal paresis was not damage of a sense organ, but central inhibition. We considered that the cerebellum suppressed the vestibular nucleus during the process of vestibular compensation.
At the second episode, we detected mild rightward horizontal nystagmus (persistent) in a supine position. It is hard to explain the reversal of nystagmus. Recovery nystagmus in vestibular neuronitis is similar phenomenon. We speculate that the reversal of nystagmus is a result of transient imbalance between the both vestibular nuclei, because vestibular compensation is not a single process but a complicated plasticity in the central nervous system [18] .
